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A method and device 
for purifying conventionally 
treated blood plasma, to 
remove substantially all 
residual leukocytes while 
maintaining useful flow 
rates for medically useful 
amounts of plasma, utlize a 
disposable, heat-sterilizable 
filter (1) employing one or 
more depth- type pre filters 
(29) and at least one 
intermediate hydrophilic 
microporous membrane 
(25 a) followed by at 
least one final hydrophilic 
microporous membrane 
(25b) having a smaller pore 
size than the intermediate 
membrane within a common 
housing. 
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METHOD FOR PURIFYING BLOOD PLASMA 
AND APPARATUS SUITABLE THEREFOR 

Technical Field 

The present invention pertains to a method for purifying 
blood plasma of white blood cells (leukocytes) and undesirable 
contaminants, particularly viral contaminants, and to an 
apparatus suitable for this use. 

Background Of The Invention 

Plasma is the continuous liquid phase of blood which 
transports the necessary active substance which feed and 
maintain the body. Included within plasma are electrolytes, 
soluble sugars and proteins, and numerous enzymes, antigens, 
etc. While whole blood also contains red and white blood 
cells (erythrocytes and leukocytes) , these components are 
substantially removed in the preparation of plasma. Plasma 
is frequently administered to patients who are seriously ill, 
for example burn victims. Plasma may also be fractionated to 
provide fractions enriched in certain components such as 
Factor VIII to treat many diseases, including Hemophilia. 

Unfortunately, many disease-causing viruses, such as 
Hepatitis and HIV, may be transported by plasma if the blood 
donor has been infected by these diseases. Even without such 
infection, plasma may be contaminated during collection and 
subsequent processing. While centrif ugation is effective to 
remove erythrocytes and the majority of leukocytes, infective 
viruses cannot generally be removed without resorting to 
ultracentrif ugation. Such treatment is not generally cost 
effective and moreover may change the chemical make-up of the 
plasma by separation of larger molecules contained therein. 

Administration of plasma containing even the most minor 
amounts of infectious agents can be catastrophic, and thus 
methods have been proposed to sterilize plasma utilizing 
chemical sterilizing agents. Unfortunately, if the plasma 
contains leukocytes which contain or are bound to infectious 
agents, these latter may not be destroyed by such processes, 
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and thus a risk of infection is present- Virtually all 
leukocytes must therefore be removed. 

Simple filtration of the plasma prior to chemical 
sterilization is problematic, as plasma is unique in the sense 
5 that in addition to low molecular weight species and 
electrolytes which may easily pass through even "tight" 
membranes, the larger protein species will rapidly form a 
oolarized gel coating on the membrane should the pore size be 
too small. For example, the albumin fraction of human plasma 
10 contains prealbumin and albumin, with molecular weights in the 
60,000 to 70,000 range, while fibrinogen, and various 
immunoglobulins have molecular weights in the range of 300,000 
to lxlO 6 . The /5- lipoproteins, important in the transport of 
fats and lipids, have molecular weights in the range of 3xl0 6 

15 to 20xl0 6 . 

When the plasma contains infectious agents such as 
viruses, the pore size necessary to completely remove these 
agents, particularly retroviruses, is such that the filter 
becomes rapidly clogged, thus requiring large filter area or 
20 repeated filter replacement. Clogging is particularly 
important with respect to the small but finite amount of 
leukocytes present in conventionally prepared plasma. 
Leukocytes are deformable, and may clog fine pores even though 
the leukocytes are physically larger than the pore. Further, 
25 and as indicated previously, a small pore size may also filter 
out desirable macromolecules contained in the plasma. 

Leukocytes, which are positively charged, have been 
separated from plasma by membranes having charged sites. The 
ability to separate leukocytes in this fashion allows 
30 membranes with larger pore sizes to be used, as the removal 
is due to electrostatic attraction rather than physical 
separation. The larger pore size enhances the useful flow 
rate. Unfortunately, the charged membranes have a finite 
number of charged sites which limit their capacity. Moreover, 
35 the possibility exists that a given leucocyte may pass through 
the filter without encountering a charged site to bind it to 
the filtration medium. Random "pass through" cannot be 
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tolerated in view of the danger of infection by agents such 
as hepatitis and KIV. 

A suitable filter must: not only be capable of removing 
leukocytes while allowing larger macromolecules to permeate 
5 the membrane, but must do so while processing a useful volume 
of plasma at a useful flow rate and acceptable pressure. 

Summary Of The Invention 

The subject invention pertains to a process for purifying 
blood plasma which has been subjected to centrif ugation or 

10 filtration to remove erythrocytes and a substantial quantity 
of leukocytes, wherein all or substantially all the remainder 
of the residual leukocytes are removed through the use of a 
sterilizable mult icomponent filter stack. The filter stack 
consists of a prefilter, a leukocyte retaining, intermediate 

15 hydrophilic membrane filter ("intermediate membrane") and a 
final, leukocyte retaining safety hydrophilic membrane filter 
("final membrane") . 

The subject invention further pertains to a steam 
sterilizable multi -element filter assembly comprising a 

20 housing, preferably of sterilizable polymer having inlet and 
outlet portions, the inlet portion including an inlet port and 
the outlet portion including an outlet port, the inlet and 
outlet portions defining a flow channel between the inlet and 
outlet ports; one or more prefilter (s) retained within the 

25 housing fully extending across the flow channel, the 
prefilter (s) disposed closer to the inlet port than the outlet 
port; two or more hydrophilic microporous membrane (s) retained 
within and preferably hermetically sealed to the housing and 
extending across the flow channel, an intermediate hydrophilic 

30 microporous membrane adjacent to the prefilter and disposed 
closer to the outlet port than the inlet port and at least a 
final hydrophilic microporous membrane adjacent the 
intermediate membrane; such that plasma to be purified must 
pass in order through the pref liter ( s ) , the intermediate 

35 hydrophilic microporous membrane, and then the final 
hydrophilic microporous membrane . 
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Typically, the purified plasma produced in accordance 
with the invention is subjected to treatment (e.g., chemical 
treatment) to inactivate and/or destroy infectious agents such 
as hepatitis and HIV . 

5 Brief Description Of The Drawings 

FIGURE 1 illustrates a side view of an assembled filter., 
of one embodiment of the subject invention; 

FIGURE 2a illustrates a side view of the inlet portion 
of one embodiment of a filter device prior to assembly; 
10 FIGURE 2b illustrates a view in plan of the inlet portion 

of one embodiment of a filter device according to the present 
invention, from the direction of the sealing surfaces; 

FIGURE 3a illustrates a side view of the outlet portion 
of one embodiment of a filter device prior to assembly; 
15 FIGURE 3b illustrates a view in plan of one embodiment 

of a filter device according to the present invention, from 
the direction of the sealing surfaces; 

FIGURE 4 is a cross - sect ion of the outlet portion of a 
filter device across section 4-4 of Figure 3b; 
20 FIGURE 5 is a detail view of area D of Figures 2 and 3 . 

S pecific Description of The Invention 

In the method of purifying plasma according to the 
subject invention, fresh or frozen plasma is first subjected 
to customary treatment in which virtually all red blood cells 
25 and a substantial portion of white blood cells are removed. 
Although it is preferable that all leukocytes are removed, 
this is generally impractical, and it is understood that the 
plasma to be purified will contain a small but finite number 
of leukocytes . 

30 In operation, the blood plasma flows by gravity, e.g., 

preferably at a head of from about 15 inches to about 4 8 
inches, more preferably about 2 8 inches, through the leukocyte 
filtration device, and from thence into a collection vessel, 
which may be a collection bag or the like. Attachment of the 

35 plasma source (i.e., fresh, frozen, etc.) to the filter may 

4 
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be made by conventional means. The particular methods of 
connection, supply, bypass, post - treatment , etc., are not 
required for an understanding of the method of removing 
leukocytes from plasma or the device suitable therefor as 
5 claimed herein. 

Figure 1 illustrates one embodiment of the subject 
multicomponent filter. Other variations will readily suggest 
themselves to one skilled in the art. In Figure 1, filter 1 
consists of two injection molded portions, an inlet portion 

10 2 and an outlet portion 4. In plan, the device is 
substantially rectilinear, preferably with rounded corners. 
However, the shape of the device is not critical, and the 
device shape as well as filter configuration may be adapted 
as required for any given application. A flow channel is 

15 formed by the interior walls 5 of the outermost surfaces of 
the device, which rise at a modest angle, e.g.-, about 5-15° , 
preferably about 9-10" from the end 7 of the inlet portion 
most removed from the inlet 9 and the end 8 of the outlet 
portion most remote from outlet 17. The flow channel of the 

20 device comprises the enclosed volume including inlet flow 
channel 10 and outlet flow channel 6, respectively. The ramps 
formed by the rising outermost surfaces are terminated by 
substantially vertical walls 31 and 32 on which inlet 9 and 
outlet 17 are located. 

25 Figure 2a illustrates a side view of the inlet portion 

2 of one embodiment of the subject filter device across 
section 2a of Figure 2b. ^ At 9 is the inlet through which 
plasma to be treated flows into inlet flow channel 10. At 11 
is a raised annular portion which forms a seal, for example 

30 a compression seal, against the filter (s) when the device is 
assembled. At 13 is a raised annular rib of generally 
triangular cross-section, which is used to seal the inlet 
portion 2 of the device to outlet portion 4 (Figures 1, 3a, 
3b, 4) . Shown at 15 is an optional vent hole which will be 

35 plugged or covered by a microporous hydrophobic membrane to 
allow air to escape the device but not liquid. 

Referrina to Figure 2b, viewed from the direction of the 
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sealing surfaces, the perimeter of the inlet portion of the 
device is substantially planar and is surrounded by a raised 
annular portion 11 which serves to compress and/or seal the 
periphery of the prefilter(s) . Spaced apart from the raised 
annular portion 11 is a raised annular rib 13 which serves as 
a pressure concentrating structure when pressed against the 
corresponding raised annular mating surface 23 (Figures 3a, 
3b, 4) of the outlet portion of the device. Other sealing ar- 
rangements will readily suggest themselves to one skilled in 
the art . At 15 is an optional vent hole which is hermetically 
sealed to a polytetraf luoroethylene or other microporous 
venting material, preferably hydrophobic, with a nominal pore 
size of, for example, 0.02 jxm. 

Figure 3a is a side view across section 3a of Figure 3b. 
The outlet is shown at 17. Raised annular mating surface 23 
mates with corresponding raised annular rib 13 (Figures 2a, 
2b) and is subsequently sealed to the rib 13, preferably by 
ultrasonic bonding techniques. The outlet channel is shown 
at 6. The outlet channel is formed by the space enclosed by 
the interior wall 5 of the outermost surface and the surface 
of the hydrophilic microporous membranes 2 5a and 2 5b (Figure 
5), which will be sealed to sealing surface 27. 

Referring to Figure 3b, the outlet portion of a device 
is shown in plan. Preferably, the outlet channel 6 contains 
5 a plurality of ribs 21 rising from the interior wall of the 
outermost surface forming a support member for the filter (s) , 
as shown in section in Figure 4. The ribs generally rise to 
the plane of the lowermost surface of the filter membrane and 
provide support to ensure the filter is not deformed, 
0 ruptured, or separated from its seal with the device during 
filtering. Other support members, e.g., screens, perforated 
plates, and the like may be used as well. If the filter is 
to be used in low pressure drop applications only, e.g., 
gravity feed, the support member may be eliminated. 
5 Surrounding the outlet channel is raised annular mating 

surface 23, which, together with raised annular rib 13 
(Figures 2a, 2b) , provide a means for hermetically sealing the 
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device, for example by ultrasonic welding. Prior to assembly 
of the device, hydrophilic microporous membranes 25a and 25b 
(Figure 5) are hermetically sealed to annular membrane sealing 
surface 27, for example by heat sealing. Following sealing 
5 of the hydrophilic microporous membranes, prefilter 29 (Figure 
5) is placed in position atop the membranes and inlet portion 
1 is placed atop outlet portion 2 and the assembly is bonded 
together, preferably by ultrasonic welding. 

Referring to Figure 4, the outlet portion of the device 

10 is shown across section 4-4 of Figure 3b. The outlet channel 
6 and ribs 21 may be clearly seen. At 26 are the hydrophilic 
membranes abutting the ribs and the pref il ter ( s ) , both shown 
as a single unit for clarity. The membrane sealing surface 
27, interior wall 5, and raised annular mating surface 23 are 

15 also shown. 

Figure 5 illustrates the placement of the final 
microporous hydrophilic membrane 25b, intermediate microporous 
hydrophilic membrane 25a, prefilter 29, and the relative 
geometries of the various annular surfaces when the device is 

20 assembled. The hydrophilic microporous membranes 25a and 25b 
are sealed, preferably heat sealed, to sealing surface 27, and 
supported across outlet channel 6 by ribs 21. The prefilter 
29 is trapped between the portion of the intermediate 
hydrophilic microporous membrane atop sealing surface 27 and 

25 annular raised portion 11. Raised annular rib 13 has been 
deformed in the heat sealing process to form a unitary 
structure with raised annular mating surface 23 . The plasma 
flow is through the inlet 9 into inlet channel 10, through 
prefilter 29, intermediate membrane 25a, and final membrane 
' 30 25b into outlet channel 6 and from there to outlet 17 (Figure 
1) • 

In use, the inlet 9 is connected to a plasma supply 
source, which may supply plasma by gravity flow" or under 
pressure, e.g., through use of a peristaltic-type or plunger- 
35 type pump. Air is displaced through optional vent 15 and the 
plasma passes through the prefilter 29 and then through the 
hydrophilic microporous membranes 25a and 25b. The prefilter 

7 
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is a "depth- type" prefilter, and thus the majority of 
macrocytes and granulocytes and any other large particulates 
mav be trapped by the prefilter without significantly decreas- 
incr its flow rate. Of the leukocytes or particulates which 
5 pass through the prefilter, the vast majority, virtually, and 
many times, ail of the leukocytes, are prevented from passing 
into the treatment bag by the intermediate hydrophilic, 
leukocyte trapping microporous membrane. Any leukocytes, 
e.g., those of extremely small size which pass through the 

10 intermediate membrane, are virtually fully retained by the 
final membrane, and hence, the plasma passing through the 
filter will be substantially leukocyte-f ree , providing the 
pressure across the filter is not so high as to cause it to 
separate from the housing or rupture, or to deform the 

15 leukocytes to such an extent that they are forced through the 
fine pores of the final membrane. To ensure that the latter 
event does not occur, the maximum pore size of the final 
membrane is selected so as to be considerably smaller than the 
minimum leucocyte diameter. It is most desirable to remove 

20 leukocytes such that their concentration in the plasma is 
reduced by a factor of at least about 10 3 , preferably about 
10 4 . Most preferably, the final leukocyte concentration is 0. 

The prefilter performs the function of removing large 
particulates and gelatinous substances so as to prevent 

25 clogging of the intermediate filter. The prefilter also may 
remove a substantial portion of large leukocytes, i.e. 
macrocytes and granulocytes . The intermediate membrane 
removes the most substantial portion of smaller leukocytes 
such that plasma exiting the intermediate membrane has had 

30 preferably greater than about 90% of leukocytes removed. The 
final membrane has smaller pores than the intermediate 
membrane, and ensures that virtually no leukocytes remain in 
the completely filtered plasma. 

With regard to pore size, the pore size and type must be 

35 selected with the function of the particular filter element 
in mind. For the prefilter, for example, a relatively large 
pore size is selected for rapid filtration yet which will 



SNSDOCID: -WO 9B19722A1J_> 



WO 93/19722 



PCT/US97/19908 



retain substantially all large particulates. When the 
prefilter is a membrane - type depth pref ilter , for example, the 
preferred pore size is from about 3 /xm to about 10 /xm . This 
relatively large pore size is necessary since the pore size 
range of membrane filters is ordinarily well controlled. 
However it is preferred that the prefilter comprise a non- 
woven depth- type filter. Such filters are available from 
numerous sources, and may consist, for example, of fiberglass, 
spun bonded or melt blown polypropylene, polyester, and the 
like, and may have a nominal, or "average" pore size of from 
about 0.5 /xm to about 5 /xm. The smaller average pore size is 
a reflection of the relatively wide pore size range of such 
materials and the alternative fluid flow paths which depth- 
type filters present . The most preferable prefilter is a non- 
woven fiberglass prefilter available from Hollingsworth & Vose 
as HB-5341 glass filter medium. 

The intermediate membrane filter is a hydrophilic 
membrane filter which has a pore size range sufficiently small 
that in combination with the prefilter, greater than about 80% 
of the leukocytes, more preferably greater than about 90% of 
the leukocytes, and most preferably in excess of about 95% of 
the leukocytes, are retained by the combination of prefilter 
and intermediate membrane. In other words, the intermediate 
membrane will pass no more than about 20% of the leukocytes, 
preferably no more than about 10%, and most preferably no more 
than about 5% of the leukocytes. It is yet more preferable 
that not more than about 1% of leukocytes pass through the 
intermediate membrane. The pore size of the membrane may vary 
somewhat, but is preferably in the range of about 0 . 9 to about 
2..0-/xm, more preferably in the range of about 0 . 9 to about 1.5 
/xm. The composition of the intermediate membrane is not 
overly critical, so long as the membrane is hydrophilic. 
Thus, intrinsically hydrophobic membranes which have been 
treated to render their surface hydrophilic are suitable, as 
are also intrinsically hydrophilic membranes. Membranes may- 
be made of, for example, polyacrylates , nylon, polyvinyl idene 
fluoride , polypropylene , polysulf one , poiyethersulf one , 
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cellulose acetate, or nitrocellulose. Charged membranes are 
su-i table as well. Nylon membranes are well suited for use 
herein. A particularly preferred membrane is SUPOR® 1200, a 
polyethersulfone micrcporous membrane with a nominal pore size 
"of 'l.2 AO* available from Pall Gelman Sciences, Inc., Ann 

Arbor, Michigan. 

The final membrane is selected so as to render the plasma 
filtrate substantially leukocyte- free . While the intermediate 
filter might be selected so as to provide leukocyte -free 
plasma by utilizing a smaller pore size, use of a smaller pore 
intermediate membrane without a final membrane possesses two 
distinct disadvantages. First, the smaller pore size would 
reduce flow shortly after the onset of filtration due to its 
pores becoming clogged with leukocytes. Second, were 
leukocytes to pass through the pores, e.g., by the well known 
distortion of the leukocyte, or by accidental damage affecting 
the membrane integrity, then the risk of leukocyte -containxng 
plasma, although small, would be significant. 

Thus, the final filter is selected so as to provide a 
pore size small enough to ensure substantially complete 
leukocyte removal. Since the vast majority of leukocytes and 
larger particulates and . gels have been removed by the 
prefilter and the intermediate membrane filter, the small pore 
size of the final membrane will not overly slow the filtration 
rate As is the case with the intermediate membrane, the 
final membrane is hydrophilic, and may be a charged membrane 
as well. The pore size range of the final membrane is from 
about 0.3 to about 1.5 /xm, and preferably is of a smaller or 
equal pore size than the intermediate membrane. A pore size 
range of about 0 . 4 jun to about l.Ofttnis suitable, and a range 
of about 0.7 /.m to about 1.0 m is preferred. Particularly 
suitable is a SUPOR® polyethersulfone microporous membrane 
with a nominal pore size of 0.8 /xm. 

The surface area, or effective filtration area (EFA) of 
the filter may be adjusted according to the volume of plasma 
to be filtered and the desired flow rate. For example, the 
subject device has been illustrated with reference _ to a 
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planar, substantially rectangular filter capsule. However 
other shapes are useful as well, including pleated cylindrical 
filters, spiral wound cylindrical filters, and the like, 
provided the subject filter stack is used. The internal 
volume should be minimized so that retention of plasma by the 
filter itself is as small as possible. In general, a minimum 
flow rate of about 1 to about 10 ml/min/cm 2 at 1 psi or 
thereabouts is desired, more preferably a minimum flow rate 
of about 2-3 ml/min/cm 2 . Higher flow rates are, of course, 
desired. The filter should preferably be capable of filtering 
a minimum of about 3 00 ml of human plasma before the flow rate 
decreases to such an extent that the filter may be considered 
to be "plugged" . The filtration efficiency should be such 
that a 10 4 reduction of leukocytes from conventionally 
prepared plasma containing a normal leukocyte concentration 
is possible. In the most preferable case, no leukocytes will 
be present in the filtrate. With the preferred devices 
according to the present invention, incorporating at least one 
prefilter and intermediate and final hydrophilic microporous 
membranes, suitable filter areas are not particularly limited. 
For example, cartridge filters with pleated or spiral elements 
may be designed for large volume filtration, while small units 
may be provided for filtration of single plasma units. In the 
latter case, for example, a suitable filter size has an EFA 
of from about 15 to about 2 0 cm 2 . However, units with EFAs of 
from 0.1 m 2 to several m 2 or larger are also feasible. 

The prefilter material should meet USP requirements for 
particle shedding and Class VI toxicity requirements. 
Preferably, the material further meets European community 
toxicity requirements as well. 

Combinations of various prefilters with the same or 
different pore sizes are also useful. In general, hydrophobic 
materials such as polypropylene should be treated with a 
hydrophilizing agent to render the material hydrophilic. Such 
agents are known to those skilled in the art. The 
intermediate and final hydrophilic microporous membranes are 
preferably ones which can be heat -sealed to the filter housing 
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by conventional techniques such as ultrasonic bonding. Mem- 
branes which may be adhesively bonded or solvent bonded are 
also acceptable. 

As indicated previously, the hydrophilic microporous 
5 membranes may be intrinsically hydrophilic or may be 
hydrophobic membranes surface treated to render them 
hydrophilic. While the membrane may also include negatively 
charged sites to aid in leucocyte retention, it is most impor- 
tant that the pore size be such that the pore size alone 

10 substantially prevents passage of leukocytes. Hydrophilic 
microporous membranes of suitable pore size are commercially 
available, and may be manufactured by processes disclosed in, 
for example, U.S. Patent Nos. 3,876,738; 4,340,479/ 4,473,474; 
4,673,504; 4,708, 803; 4,711,793; 5,076,93 5; 4,900,449; 

15 4,964,990; and 5,108,607, which patents are herein 
incorporated by reference. Preferred hydrophilic microporous 
membranes are Supor® microporous membranes available from Pall 
Gelman Sciences. 

The housing for the mult icomponent filter assembly of the 

20 subject invention are preferably prepared from injection 
molded polymer. The polymer may be a thermoplastic or 
thermosetting polymer, and should be sterilizable . Moreover, 
the polymer must not elute toxic metals, oligomers, monomers, 
or catalysts in the presence of aqueous solutions. Finally, 
•25 although heat-sealable or solvent -bondable thermoplastics may 
be used, it is preferable that the polymer be capable of being 
sealed by ultrasonic or RF welding techniques. Among the 
suitable polymers are the amorphous polyamides, high 
temperature polyacrylics and polyesters, and most preferably, 

30 the polycarbonates. A preferred polycarbonate is MAKROLON 
2658-1112 Natural, available from Miles, Inc. 

A series of plasma purifying screening tests were run 
using conventionally prepared bovine serum and a 28 inch head 
height. For the purposes of the tests, a 47 mm stainless 

35 steel filter holder was utilized to hold the primary membrane 
and prefilter(s) . Unfiltered bovine serum was obtained from 
American Biologic Tech., Inc. 

12 



WO 9619722A1_I_> 



WO 98/19722 



PCT/US97/19908 



As a result of these screening tests, it was discovered 
that the selection of suitable pref liters and membrane filters 
was not straight -forward. A single membrane of 1.2 fim 
polyethersulf one plugged virtually immediately. When employed 
with a pref liter , suitable flow rates could be achieved with 
"clean" plasma with certain pref liters, however with other 
plasma samples, plugging occurred rapidly. Some of the many 
combinations tried exceeded acceptable levels of particle 
shedding, leaching of heavy metals, or were of high pH . These 
tests showed that a two-stage (pref liter plus single membrane) 
is unsuitable, and that a minimally three stage filter stack, 
including a depth- type prefilter, was necessary. 

Testing of plasma (leukocyte -removal) filter devices was 
performed in a sterile-barrier laminar-flow hood under strict 
aseptic techniques, with minimal handling of plasma units. 
Leukocyte -removal filter devices were composed of .glass 
fiber/Supor® 1200/Supor® 800 membranes, with an effective 
filtration area (EFA) of 17 cm 2 . Human plasma was obtained 
frozen from the Red Cross, and maintained in a frozen state 
until the morning of testing. Plasma was thawed using a 
circulating water bath at constant temperature of 8°C. Plasma 
from four individual units (ranging in volume from 25 5 mL to 
410 mL) was pooled together in a 3-L sterile collapsible 
admixture bag, after which testing was performed as soon as 
possible (less than 3 0 minutes) . Plasma was delivered from 
the collapsible bag, at 28 inch head height, through a Medical 
Specialties 103 inch vented administration set. 

Four leukocyte -removal filter devices, labeled Ml, M2 , 
M3 and M4 , were filtered into luer-lock extension sets (total 
length = 6 inches) , which were then fitted to the previously 
mentioned administration set. (Due to air embolus occluding 
device Ml, only data from the other three devices are 
reported.) Amounts of plasma delivered through filter devices 
at time intervals of 10 seconds, 1, 2, 5, 10, 15, 20, 2 5 and 
3 0 minutes were measured and recorded. Plasma flow was 
continuous and uninterrupted. After completion of testing, 
plasma samples were treated as biohazard, then sterilized 
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(through autoclaving at 121 *C for 3 0 minutes) and properly 
disposed of. All materials used in testing were likewise 
sterilized, and disposed of if necessary. Flow data is 
presented in Table 1 . 

While the invention have been described in detail by way 
of illustration and example, those familiar with the art to 
which this invention relates will recognize various 
alternative designs and embodiments for practicing the 
invention as defined by the following claims. 
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What Ts Claimed Is : 

1. A method for purifying blood plasma which has been 
treated to remove erythrocytes and a substantial portion of 
leukocytes, an initial concentration of leukocytes remaining, 

5 comprising: 

passing said blood plasma through a disposable 
multicomponent filter, said multicomponent filter comprising 
a filter stack containing one or more depth-type prefilters 
having a nominal pore size of from about 0.5 fxm to about 5 Aim, 

10 at least one intermediate hydrophilic microporous membrane 
filter having a maximum nominal pore size of less than about 
3 firn; and at least one final hydrophilic microporous membrane 
filter having a nominal pore size of from about 0.3 to 
about 1.2 ^m, the nominal pore size of said final hydrophilic 

15 microporous membrane smaller than the nominal pore size of 
said intermediate hydrophilic microporous membrane, said 
filter stack contained in a housing, said final hydrophilic 
microporous membrane sealed to said housing, wherein the 
leukocyte concentration present in said blood plasma after 

20 passing through said filter is substantially reduced from its 
initial concentration. 

2. The method of claim 1, wherein the leukocyte 
concentration is between 0 leukocytes /mL to a value which is 
less than about 10 3 of said initial leukocyte concentration. 

25 3. The method of claim 1 or 2 , wherein the flow rate 

of said disposable multicomponent filter is in excess of 1 
mL/min/cm 2 of filter area following a filtration period of 2 
minutes at a plasma head of about 70 cm or a pressure 
equivalent thereto. 

30 4. The method of claim 1 or 2 , wherein the flow rate 

of said disposable multicomponent filter is in excess of 2 
mL/min/cm 2 of filter area following a filtration period of 2 
minutes at a plasma head of about 70 cm or a pressure 

16 
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5. The method of claim 1, wherein said depth- type 
prefilter comprises a non-woven fiberglass filter having a 
nominal pore size of from about 0.5 fxm to about 5 fim . 

5 6. The method of claim 1, wherein at least one of said 

one or more intermediate hydrophilic membrane filters has a 
nominal pore size of from about 1.0 /xm to about 2.0 ju,m. 

7. The method of claim 1 or 6 , wherein at least one of 
said one or more final hydrophilic membrane filters has a 

10 nominal pore size of from about 0.5 /xm to about 0.9 /xm. 

8. The method of claim 1, wherein said filter further 
comprises a hydrophobic membrane, one side of said hydrophobic 
membrane communicating with an inside of said housing, one 
side of said hydrophobic membrane communicating with an 

15 outside of said housing. 

9. A disposable, sterilizable filter suitable for 
removing substantially all residual leukocytes from blood 
plasma, comprising : 

a housing having inlet and outlet portions thereof, said 
"20 inlet portion including an inlet port, said outlet portion 
including an outlet port said inlet portion and outlet portion 
defining a flow channel therebetween; 

one or more prefilters retained within said housing and 
fully extending across said flow channel, said prefilter (s) 
' 25 being positioned closer to said inlet port than said outlet 
port, said prefilter (s) comprising a depth-type prefilter 
having a nominal pore size of from about 0.5 ptm to about 5 jxm; 

at least one intermediate hydrophilic microporous mem- 
brane having a maximum nominal pore size of less than 3 
30 positioned adjacent said prefilter (s) and extending across 
said flow channel, said intermediate hydrophilic microporous 
membrane (s) positioned closer to said outlet channel than said 

17 
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inlet channel; 

at least one final hydrophilic raicroporous membrane 
having a maximum nominal pore size of from about 0.3 /xm to 
about 1.2 /xm positioned adjacent said intermediate hydrophilic 
5 microporous membrane and extending across said flow channel, 
said final hydrophilic microporous membrane (s) positioned 
closer to said outlet channel than said inlet channel, said 
nominal pore size of at least one of said final hydrophilic 
membrane filters smaller than the nominal pore size of at 
10 least one of said intermediate hydrophilic membrane filters; 

said final hydrophilic microporous membrane (s) being 
sealed within said housing such that passage of leukocytes 
around said final hydrophilic microporous membrane (s) is 
prevented; and, 

15 wherein said inlet portion of said housing is sealed to 

said outlet portion of said housing. 

10. A disposable, sterilizable filter suitable ' for 
removing substantially all residual leukocytes from blood 
plasma, comprising : 
20 (a) a housing having inlet and outlet portions thereof, 

said inlet portion including an inlet port, said 
outlet portion including an outlet port said inlet 
portion and outlet portion defining a flow channel 
therebetween; 

25 (b) one or more prefilters retained within said housing 

and fully extending across said flow channel, said 
prefilter(s) being positioned closer to said inlet 
port than said outlet port, said prefilter(s) 
comprising a depth-type prefilter having a nominal 

30 pore size of from about 0.5 /xm to about 5 /xm; 

(c) at least one intermediate hydrophilic microporous 
membrane having a maximum nominal pore size of less 
than 3 /xm positioned adjacent said prefilter (s) and 
extending across said flow channel, said 

35 intermediate hydrophilic microporous membrane (s) 

positioned closer to said outlet channel than said 
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inlet channel; 

(d) at least one final hydrophilic microporous membrane 
having a maximum nominal pore size of from about 
0.3 fj.m to about 1.2 /xm positioned adjacent said 
intermediate hydrophilic microporous membrane and 
extending across said flow channel, said final 
hydrophilic microporous membrane (s) positioned 
closer to said outlet channel than said inlet 
channel, said nominal pore size of at least one of 
said final hydrophilic membrane filters smaller 
than the nominal pore size of at least one of said 
intermediate hydrophilic membrane filters; 

(e) means for sealing said final hydrophilic 
microporous membrane (s) within said housing such 
that passage of leukocytes around said final 
hydrophilic microporous membrane (s) is prevented; 

(f) means for sealing said inlet portion of said 
housing to said outlet portion of said housing. 



11. The disposable filter of claim 9 or 10, wherein at 
least one of said one or more depth-type prefilters comprises 
a non-woven fiberglass filter having a nominal pore size of 
from about 1 /xm to about 3 jxm . 

12. The disposable filter of claim 9 or 10, wherein said 
filter has a flow rate in excess of about 1 mL/min/cm 2 of 
filter area following a filtration period of 2 minutes at a 
plasma head of about 70 cm or a pressure equivalent thereto. 

13. The . disposable filter of claim 9 or 10, wherein at 
least one of said one or more intermediate hydrophilic mem- 
brane filters has a nominal pore size of from about 1 . 0 /xm to 
about 2.0 /xm . 

14. The disposable filter of any one of claims 9, 10 or 
13, wherein at least one of said one or more final hydrophilic 
membrane filters has a nominal pore size of from about 0.5 /xm 
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to about 0.9 fim . 

15. The disposable filter of claim 11 wherein said 
prefilter comprises fiberglass, and wherein said fiberglass 
when eluted with water provides an eluate with a pH of between 
5.5 and 8.0 and has substantially no heavy metal ions in the 
eluate . 
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